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Abstract 
Vibration problems of the building structures caused by technical seismicity are becoming an increasing topic. The aim of this 
paper was to realize the numerical analysis of soil-structure interaction (SI) in the area Modra - Slovakia and FEM simulation of 
the vibration wave s propagation from mechanical impact. For this purpose the variants of model by computing program Scia 
engineering has been created. It was also created geological model of subsoil in this area and processed frequency analysis of this 
model. These models are important for the assessment of the dynamic vibration transmissibility due to mechanical impact load 
properties. Another objective of this paper was to receive results from vibration wave’s propagation FEM simulation mechanical 
impact involved which causes structural vibration in buildings including a process of the system SI due to accelerometers. Using 
of the theoretical analysis, experimental procedures results and FEM simulation of the vibration waves it seem to be the practical 
application for engineering practice in prediction and assessment buildings vibration due to seismicity induced by traffic. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The reliable building structures design in seismically active regions needs a detailed analysis of SI under 
technical seismicity load. Nowadays, technical seismicity is part of the environmental issues. The increase in 
vibration induced by different traffic has an unfavourable impact on building constructions and inhabitants. The 
objects placed near the road and railway communications are highly influenced by vibrations due to technical 
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seismicity. The comprehensive theoretical and experimental analysis of the dynamic response of the structure must 
be solved as a part of the task. However, experimental measurements are often economical and time-consuming. 
Each standard has the criteria for evaluating dynamic response. Appropriately created model and FEM simulation 
can be used for these purposes. Technical seismicity load requires precise approach in the development of FEM 
model where inter-active dynamic area must be considered. This paper presents a theoretical analysis of the dynamic 
response of a house in the area Modra – Slovakia. It was done the analysis of the dynamic interaction effect in the 
frequency domain, a case study of FEM simulation of the dynamic response model due to the mechanical impact 
load and creating a dynamic computing model of the subsoil in VisualFEA program. For the purpose of the case 
study, a real historical main gate was chosen. The case study main gate is located near the roadway line that 
produced dynamic load due to technical seismicity. The house of this type was selected as the most frequent 
building located near the roadway line of 2nd class (no. 502, Bratislava - Smolenice) in the town center in Modra, 
Slovakia. 
2. Description of the analyzed object 
The analyzed object is located in the city of Modra, in the west of Slovakia (Fig. 1). Location of Modra is at the 
southern foot of the Little Carpathians. It is an area of 49.42 km2 is composed of three urban areas. Modra is located 
23.5 km northeast of the regional town Trnava and 27.5 km southwest of the capital city Bratislava. Stoličný stream 
flows through the town. 
 
Fig. 1. The locality of the analyzed object. 
The investigated object (Fig. 2) is the upper gate of the old city fortification (built in 1610 - 1646) which has a 
typical rectangular floor plan and built-up area of 135.12 m². Its layout is spread over three floors. Entrance of the 
building is designed on the first floor under the arch. The building has no basement, but since it is 400 years old, it is 
expected that there is certain layered material nearby. Behind the front door there is a utility room and immediately 
on the right side there are the 20-degree platform stairs. On the second floor there is another staircase and a foyer 
with a single room, which serves as an exhibition room. By an 11-degree single staircase you can get into the attic 
room where there is a ladder leading into the last room of the building. This part of the building has defects in 
statistics and is therefore not recommended to enter. Outer and inner walls of the buildings are composed of 
aggregates in combination with mortar. Their thickness is variable and varies in the range of 1530 mm 705 mm. The 
ceilings of the first floor are vaulted, stone combined with mortar. Their thickness is variable in the range of 160 mm 
to 615 mm. The second floor ceilings are made of the same material with thickness of 115 mm to 200 mm. Over one 
part of the second floor there is beam ceiling constructed of wood prisms of dimensions 198 mm x 198 mm and 205 
mm x 205 mm. There is a hipped shape roof above the object with an inclination of 45 to 60°. The frame is made of 
wooden truss with wood prisms with dimensions of 195 mm x 195 mm. On the uprights there are binding rafters 
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with dimensions of 163 mm x 207 mm and principal rafters with dimensions of 128 mm x 128 mm and 135 mm x 
135 mm are anchored into them. The entire roof is anchored to the outer walls. 
 
 
 
Fig. 2. The view on the historical Upper Gate and the plans of the building. 
3. Description of the computational system Scia Engineering 
Scia engineering is innovative software for finite element method (FEM) analysis, which is an advanced 
technique to solve and analyse physical problems arising in many fields of science and engineering. This program is 
a full-fledged software integrated with ease-of-use but powerful functions for pre- and post-processing as well as for 
FEM processing. Scia engineering has functions for studying finite elements (FE) analysis and it uses deformation 
variant of the FEM. The various computational aspects and concepts involved in FE modelling can be easily 
understood through computational simulation. Its pre-processing capability includes the most advanced 2 and 3-
dimensional mesh generation techniques. 
4. Soil-structure interaction theoretical predictions 
The analysis of SI applied in Modra locality types of FEM model were created in Scia engineering software. This 
computing model was used with dynamic parameters evaluation in frequency domain. For the vibration dominant 
frequency bands and the vibration transfer 3D FEM model was used. Natural frequency values and modes of 
vibration were calculated for this computing model type. 
4.1 The 3D FEM model 
The computational model for the dynamic analysis of the historical building (Upper Gate in Modra) was 
developed in a software Scia engineer. The model required the assessment of traffic vibration influence. 
Frequency characteristics of the historical building - Upper Gate is in the following model (Fig. 3). 
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Fig. 3. The computational model of historical building – Upper Gate, framed and general.  
In the calculation of own shapes we considered 4613 of 2D elements, 976 of 1D elements, and 5169 of network 
nodes. The calculation required assembling of 31,014 equations. For the mass group combination CM1 we used 10 
natural frequencies. Amount of materials for x-direction is 411,678.05 kg, the y-direction is 411,678.05 kg and the 
z-direction is 411,682.24 kg. The calculation was carried out on the basis of Lanczos and Mindlin bending theory. 
Table 1. FE model – Example of the natural frequencies results. 
 
 
 
  
Fig. 4. The Upper Gate 3D FEM model and natural modes example. 
5. Description of the computational system VisualFEA 
Visual FEA is innovative software for FE analysis, which is an advanced technique to solve and analyse physical 
problems arising in many fields of science and engineering. This program is a full-fledged software integrated with 
easy to use but powerful functions for pre- and post-processing as well as for FE processing. Visual FEA has 
functions for studying FE analysis and it uses deformation variant of the FEM. The various computational aspects 
and concepts involved in FE modeling can be easily understood through computational simulation. Its preprocessing 
capability includes the most advanced 2 and 3-dimensional mesh generation techniques. The analysis can be divided 
into three phases [2]:  
x Preprocessing - these functions are used to create, edit and check the modelling data necessary for FE analysis. 
The data are constructed in few steps: creation of boundary curves and surface primitives, mesh generation and 
data assignment (Boundary condition, Element property, Load condition etc.), 
Natural mode no. Natural frequency [Hz] Vibration type 
3 6.46 asymmetrical 
4 7.11 asymmetrical 
5 8.48 asymmetrical 
6 10.76 symmetrical 
7 12.09 asymmetrical 
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x Processing – this phase is the kernel of FE analysis. Processing does not require user interaction and proceeds 
with various stages of computing element equations, assembling system equations, solving them, and executing 
other related computations,  
x Postprocessing - Functions of this group are used for graphical visualisation or further processing of the 
computed results to facilitate their interpretation and understanding. 
 
Fig. 5. Used shape functions in Visual FEA. 
The important thing is to create a simple model that will be contain all finite elements (figure 5). Program 
provides all of the relevant information about element stiffness, which includes the element stiffness matrix. 
6. Description of the computational model of the elastic half-space and the results 
The computational model of the elastic half-space has been created as a spherical cap of radius r = 50m and a 
fixed at the bottom stiff to prevent a deformation. The depth is considered y = 50 m and lengths x = 100 m, z = 100 
m. Impulses were entered in the middle of a circular bedrock i.e. in “B1” and “B2” point. The “B2” point is given 15 
m from the center. Measured points “B3”, “B4” and “B5” are located between the points “B1” and “B2”. Passing of 
the lorry was simulated in points “1” and “2” (Fig. 6). Elastic module of subsoil is 4.5x 107 N.m-2, density is 2000 
kg.m-3 and Poisson number is 0.3. 
 
Fig. 6. FEM analysis model of the elastic half-space. 
The natural frequencies and the normal modes were calculated for the computational model. The results serve as 
input parameters for the evaluation study, where impacts of elastic modulus as well as changes the size of the 
subsoil were considered in the computational model input. For debugged computational model was calculated first 
20 natural frequencies (table 2). 
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Table 2. The calculated natural frequencies of vibration for the 3D FEM model of the soil. 
 
The natural modes sample of 3D model geological subsoil are shown in the Figure 7. 
 
 
 
 
 
 
 
Fig. 7. The samples of natural modes of vibration for the 3D FEM model of the soil. 
7. Conclusion 
Solving problems with vibrations of civil structures due to technical seismicity are a current issue in civil 
engineering. Soil-borne vibrations and their effects on civil structures can be solved theoretically (using FEM 
simulations) and experimentally way The case study Upper Gate in Modra shows the possibility of using complex 
modelling layered soil with structure interaction. It can be stated that even small deficiencies in modeling the model 
the subsoil have been obtained interesting results between measured and calculated parameters. However, the elastic 
modulus does not affect the basic dynamic characteristics and therefore, relatively sufficiently accurate results can 
be achieved even with a rough estimation. The model was adjusted in order to match the natural frequencies to the 
peaks in the spectral characteristics of the measured results [1]. Results of the simulation well predicted the 
experimental process. It is crucial to know the basic parameters of the soil for complex computing model [2]. 
Combined theoretical and experimental approach is the most efficient method for estimation [3]. 
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Natural mode no. 
Natural frequency 
[Hz] 
Vibration type Natural mode no. 
Natural frequency 
[Hz] 
Vibration type 
1 24.1 asymmetrical 11 84.8 asymmetrical 
2 36.3 asymmetrical 12 86.2 asymmetrical 
3 41.3 asymmetrical 13 93.7 symmetrical 
4 50.7 symmetrical 14 98.1 symmetrical 
5 61.6 asymmetrical 15 100.413 asymmetrical 
6 63.6 asymmetrical 16 103.116 asymmetrical 
7 69.4 asymmetrical 17 104.097 asymmetrical 
8 69.7 symmetrical 18 107.536 asymmetrical 
9 80.5 asymmetrical 19 107.989 symmetrical 
10 84.0 asymmetrical 20 112.567 symmetrical 
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